EMBO Molecular Medicine - Peer Review Process File

EMBO

Molecular Medicine

Opposite microglial activation stages upon loss of PGRN or
TREM2 result in reduced cerebral glucose metabolism

Julia K. Gotz, Matthias Brendel, Georg Werner, Samira Parhizkar, Laura Sebastian Monasor,
Gernot Kleinberger, Alessio-Vittorio Colombo, Maximilian Deussing, Matias Wagner, Juliane
Winkelmann, Janine Diehl-Schmid, Johannes Levin, Katrin Fellerer, Anika Reifschneider, Sebastian
Bultmann, Peter Bartenstein, Axel Rominger, Sabina Tahirovic, Scott T. Smith, Charlotte Madore,
Oleg Butovsky, Anja Capell & Christian Haass

Review timeline: Submission date: 22 August 2018
Editorial Decision: 2 October 2018
Revision received: 19 March 2019
Editorial Decision: 4 April 2019
Revision received: 18 April 2019
Accepted: 24 April 2019

Editor: Céline Carret

Transaction Report:

(Note: With the exception of the correction of typographical or spelling errors that could be a source of ambiguity,
letters and reports are not edited. The original formatting of letters and referee reports may not be reflected in this
compilation.)

1st Editorial Decision 2 October 2018

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the two referees whom we asked to evaluate your manuscript.

You will see that both referees find the study interesting and referee 2 is supportive of publication.
Referee 1 however suggests additional analyses and data to strengthen the findings. We would like
to encourage you to address these comments to the best of your availabilities and please discuss
your findings in the context of recent published articles, as recommended.

We would welcome the submission of a revised version within three months for further
consideration and would like to encourage you to address all the criticisms raised as suggested to
improve conclusiveness and clarity. Please note that EMBO Molecular Medicine strongly supports a
single round of revision and that, as acceptance or rejection of the manuscript will depend on
another round of review, your responses should be as complete as possible.

EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are
published by others during review or revision are not a criterion for rejection. Should you decide to
submit a revised version, I do ask that you get in touch after three months if you have not completed
it, to update us on the status.

Please also contact us as soon as possible if similar work is published elsewhere. If other work is
published we may not be able to extend the revision period beyond three months.

Please read below for important editorial formatting and consult our author's guidelines for proper
formatting of your revised article for EMBO Molecular Medicine.

I look forward to receiving your revised manuscript.
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wEkxEE Reviewer's comments *#* 4%
Referee #1 (Remarks for Author):

In this article Gotzl et al explore the microglial phenotype and gene expression profile of mice
knock out for progranulin gene (GRN) versus TREM?2 that both develop neurodegeneration. The
main finding of this study is that microglia exhibit opposite gene signatures in both models: While
Trem2-/- microglia overexpress an homeostatic signature, Grn-/- microglia overexpress genes
associated with neurodegenerative phenotype. They further assess metabolic state of Trem2-/- vs
Grn-/- microglia using PET imaging and show that both exhibit reduced glucose metabolism.
Although interesting, this study remains very descriptive and correlative, lacking a more and precise
thorough analysis as well as validation.

In figure 1B, the authors show specific signature of each model but in order to give a better vision to
the reader it would be necessary to show the total number of DEGs obtained for each model (Grn vs
Trem2) and the number of DEGs overlapping in the two models. The differences observed here
could represent only few% of the total DEGs. It is primordial to give a clearer vision to the reader of
how much these two models differs since the results expected would have been that they are very
close to each other. Moreover the authors could have compared their data to the signature described
in Keren-Shaul et al 2017.

In figure 2: panels C and D, the author stated in the text that P2ry12 mRNA level goes down in the
Grn mutant, however how do they explain the absence of downregulation of P2RY'12 at the protein
level. The authors could have performed a P2ry12 staining on Grn-/- mice microglia. What's about
TREM2 and CD11c expression described as neurodegenerative associated markers?

Panel 2E and 2F, verify the color legend. It is confusing!

In the Figure 2 the authors use a cell line called BV2 in order to study Grn mutant form. In order to
know if this cell line behaves as the microglia it is requested to perform RNA-Seq of BV2 Grn WT
and BV2 Grn Mut and show at the RNA level that the signature obtain on microglia is found in BV2
Grn Mut cell lines.

In Figure 3: The authors investigated the phagocytic capacity of PGRN-deficient BV2 cells. They
argue that this cell line recapitulate the expression profile changes found in isolated Grn-/- microglia
such as enhanced expression of ApoE, CLEC7A and TREM2. Although interesting, the authors
should validate such findings in the primary PGRN-deficient microglia.

Panel 3B, 3C, 3D would benefit from analyzing Trem?2 -/- mice in parallel at the same time.

Panel 3E, the picture cannot be correctly interpreted since the nuclei staining is missing. Difficult to
count the number of IBA1+ cells.

Figure 4 and 5 are interesting but very descriptive. They don't help to understand the mechanism
explaining how opposite gene signatures with Trem2-/- and Grn-/- induce similar outcome.... The
authors do not even explore at all the role of TREM2 in Grn-/- microglia (don't even verify it
expression).

On the metabolism aspect of TREM2 deficiency, the authors should discuss the the Ulland et al
paper (TREM2 Maintains Microglial Metabolic Fitness in Alzheimer's Disease. Ulland TK, Song
WM, Huang SC, Ulrich JD, Sergushichev A, Beatty WL, Loboda AA, Zhou Y, Cairns NJ, Kambal
A, Loginicheva E, Gilfillan S, Cella M, Virgin HW, Unanue ER, Wang Y, Artyomov MN,
Holtzman DM, Colonna M. Cell. 2017 Aug 10;170(4):649-663.¢13. doi:
10.1016/j.cell.2017.07.023.).

Referee #2 (Remarks for Author):
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The manuscript by Gotzl et al. describes opposing microglial phenotypes in mouse and BV-2 cell
models lacking expression of progranulin (PGRN) or Trem2; however, both models had reduced
cerebral glucose metabolism suggesting that at both ends of the microglial activation spectrum, the
result is brain dysfunction. The paper is extremely well-written and the data are very clear and
straightforward. In general, microglia freshly isolated from Grn-/- mouse brain showed increased
expression of microglial genes associated with neurodegeneration (MGnD; e.g., Apoe and Clec7a)
whereas, Trem2-/- mouse microglia showed reduced MGdN genes and increase homeostatic genes
such as P2ry12. Soluble Trem?2 levels were higher in Grn-/- mice and increased with age. Functional
in vitro and ex vivo studies revealed that PGRN-deficient BV-2 microglia had increased phagocytic
and migratory functions compared to wt BV-2 cells. Similarly, APPPS1/Grn-/- mice had more
clustering of microglia around plaques, suggesting that PGRN-deficiency results in microglial
hyperactivation. Further confirmation was shown by PET imaging of TSPO tracer, 18F GE180, in
mice and 2 humans, one of who has a GRN mutation. GE180 uptake was significantly elevated in
Grn-/- mice vs. wt mice and in the FTLD patient with the GRN mutation vs a FTLD patient of
similar age and gender without a GRN mutation. Together, these results demonstrate that PRGN
loss of function leads to microglial activation. This data (for mice) was compared to previously
published Trem?2 data and new PET imaging data. In all cases, Trem2 loss of function appears to
lock microglia in a homeostatic state thereby reducing their ability to react to local changes in the
brain. The authors suggest that these two microglia-related genes represent 2 ends of the spectrum,
both of which are deleterious as suggested by the hypometabolism observed in both mouse lines.
Therefore, the authors suggest that the therapeutic window for targeting microglia may be very
narrow and that maintaining a balance between activity and homeostasis is critical.

Comments:

1. Although the authors present microglial gene expression, phagocytosis, migration and clustering
around plaques, is there any change in the morphology of microglia in the various mouse models
examined? For example, are the microglia processes different (longer and/or more branched) in the
APPPS1/Grn-/- mice vs. APPPS1/Grn+/+ mice? Is there less (or lower intensity) P2ry12 staining of
microglia in the absence of Grn? Were there more Trem2-positive cells surrounding plaques?

2. Was plaque load similar between APPPS1 mice with and without Grn expression? Based on the
in vitro studies, one might expect increased phagocytosis of plaques and therefore, fewer plaques in
the PGRN-deficient APPPS1 mice.

3. Was the phagocytic function of Trem2-/- BV-2 cells examined? If not, please describe previous
data regarding phagocytic function in Trem2-/- mice or cells.

4. Please add labels to distinguish the 2 groups of genes in Figure 1C (homeostatic on left and
MGnD on right).

5. Were male or female wt mice (or both) used for uPET imaging? (It appears that only females
were imaged for the other 2 genotypes.)

6. Age- and amyloid-associated increased uptake of 18F GE180 in mice was first published by Liu,
B. et al., J Neuroscience 2015; 35(47):15716-15730. Please include this reference.

7. Please explain "powdered mouse brain" (P10, sSTREM2 ELISA). Was the serum and brain derived
from male or female mice for this assay?

8. Figure 2: were the samples normalized to the loading control for immunoblotting?

9. Ultimately, what was the effect of overactivation of microglia in Grn-/- mice as they age? Did
they show signs of neurodegeneration (pathologically or biochemically)? Did they show any
obvious behavioral phenotype? (I do not expect the authors to go back and repeat this study but if
they have any information regarding the impact of lifelong overactivation of microglia, it would be
of great interest.)

© European Molecular Biology Organization
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1st Revision - authors' response 19 March 2019

Reviewer 1

In figure 1B, the authors show specific signature of each model but in order to give a better vision to
the reader it would be necessary to show the total number of DEGs obtained for each model (Grn vs
Trem2) and the number of DEGs overlapping in the two models. The differences observed here
could represent only few % of the total DEGs. It is primordial to give a clearer vision to the reader
of how much these two models differs since the results expected would have been that they are very
close to each other.

As requested, we now show in the new Fig. 1C that 355 overlapping genes were detected in both
NanoString gene expression analyses from which 38 are significantly changed in both genotypes.
84 % of these genes were regulated in an opposite direction.

Moreover, the authors could have compared their data to the signature described in Keren-Shaul et
al 2017.

This has now been done in the first paragraph of the Results section.

In figure 2: panels C and D, the author stated in the text that P2ryl12 mRNA level goes down in the
Grn mutant, however how do they explain the absence of downregulation of P2RY12 at the protein
level.

We have now repeated the western blot analysis using a new highly specific antibody with a broader
dynamic range. This allowed the detection of a significant reduction of P2RY 12 in PGRN-deficient
BV2 cells (see new Fig. 2 G). Moreover, we confirm reduced expression of P2YR12 in vivo in
cortical sections of Grn” mice. Furthermore, a substantial increase of P2YR12 positive microglia is
observed in cortical sections derived from Trem2” mice (see new Fig. 2 E & F).

The authors could have performed a P2ryl2 staining on Grn-/- mice microglia.

This has been done and is shown in the new Fig. 2E and F. In line with our mRNA and protein
expression data, microglial P2RY 12 expression is reduced in Grn”™ mice but strongly enhanced in
Trem2” mice.

What's about TREM?2 and CD11c expression described as neurodegenerative associated markers?

Trem2 and Cd11c (Itgax) mRNA levels were not significantly altered in Grn '~ microglia (see source
data Fig. 1A). However, TREM2 protein levels were enhanced in brain, serum and microglial cell
lysates. mRNA levels also increased in the mutant BV2 cells (see new Fig. 2I).

Panel 2E and 2F, verify the color legend. It is confusing!
We apologize for the confusing legend. We have corrected that accordingly (see new Fig. 2 C&D).

In the Figure 2 the authors use a cell line called BV?2 in order to study Grn mutant form. In order to
know if this cell line behaves as the microglia it is requested to perform RNA-Seq of BV2 Grn WT
and BV2 Grn Mut and show at the RNA level that the signature obtain on microglia is found in BV2
Grn Mut cell lines.

We are aware that BV2 cells are not microglia (Butovsky, Nature Neuroscience 2014) and described
them accordingly as “microglia-like”. However, important markers of MGnD and HM are indeed
correctly expressed in BV2 cells. For the disease associated microglia we show mRNA and protein
expression data for ApoE, CLEC7A, TREM?2 as well as new data for P2YR12 (see new Fig. 2G &
H). Moreover, these data are now fully confirmed in primary microglia (see new Fig. 2A & B).

In Figure 3: The authors investigated the phagocytic capacity of PGRN-deficient BV2 cells. They
argue that this cell line recapitulate the expression profile changes found in isolated Grn-/-
microglia such as enhanced expression of ApoE, CLEC7A and TREM?2. Although interesting, the
authors should validate such findings in the primary PGRN-deficient microglia.
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Phagocytosis of Trem2” microglia is reduced but only slightly enhanced in microglia isolated from
Grn™ mice (see new EV Fig. 1B). This is likely due to M-CSF and TGF-b treatment and activation
of microglia during the culturing conditions (see also Gosselin et al., Science, 2017). Cultured
microglia are therefore already activated making it difficult to detect an even further activation in
the Grn”” microglia.

Panel 3B, 3C, 3D would benefit from analyzing Trem2™" mice in parallel at the same time.

We have published migration assays in the ex vivo model for the TREM2 loss-of-function before
(Mazaheri et al., EMBO Reports 2017), we therefore refer to these findings.

Panel 3E, the picture cannot be correctly interpreted since the nuclei staining is missing. Difficult to
count the number of IBA1+ cells.

We have now repeated the immunohistochemistry and included nuclear staining. This is shown in
the new Fig. 3E and F with additional quantifications shown in the new EV Fig. 1C.

Figure 4 and 5 are interesting but very descriptive. They don't help to understand the mechanism
explaining how opposite gene signatures with Trem2-/- and Grn-/- induce similar outcome....

We have intensively discussed how “over activation” similar to “over silencing” may result in
detrimental outcomes. The mechanistic explanation is that microglia are locked on either end of the
phenotypic spectrum characterized by signifying molecular signatures resulting in opposite
functional phenotypes. However, microglia need to flexibly respond to environmental cues, which
in both cases is not possible anymore.

The authors do not even explore at all the role of TREM? in Grn-/- microglia (don't even verify it
expression,).

Expression of Trem2 on mRNA level in microglia was analyzed. We now additionally investigated
TREM?2 expression in acutely isolated microglia from Grn”” mice and demonstrate increased levels
of immature and mature TREM2 protein (see new Fig. 2A & B). The role of TREM2 in Grn”" mice
is now investigated in double knockouts, however, this is outside of the scope of the current
manuscript.

On the metabolism aspect of TREM? deficiency, the authors should discuss the the Ulland et al
paper (TREM?2 Maintains Microglial Metabolic Fitness in Alzheimer's Disease. Ulland TK, Song
WM, Huang SC, Ulrich JD, Sergushichev A, Beatty WL, Loboda AA, Zhou Y, Cairns NJ, Kambal A,
Loginicheva E, Gilfillan S, Cella M, Virgin HW, Unanue ER, Wang Y, Artyomov MN, Holtzman
DM, Colonna M. Cell. 2017 Aug 10,170(4):649-663.¢13. doi: 10.1016/j.cell.2017.07.023.).

This paper has now been discussed as requested.

Reviewer 2

1. Although the authors present microglial gene expression, phagocytosis, migration and clustering
around plaques, is there any change in the morphology of microglia in the various mouse models
examined? For example, are the microglia processes different (longer and/or more branched) in the
APPPS1/Grn-/- mice vs. APPPS1/Grn+/+ mice? Is there less (or lower intensity) P2ryl2 staining of
microglia in the absence of Grn?

We have now investigated P2RY 12 staining in cortices of wt, Grn”" and Trem2” mice. Indeed,
Grn”" mice showed reduced P2RY 12 staining, whereas Trem2” mice showed a significant increase
of P2RY 12 (see new Fig. 2C & D). However, it was not possible to investigate microglial
morphology with the brain sections available.

2. Was plaque load similar between APPPS1 mice with and without Grn expression? Based on the

in vitro studies, one might expect increased phagocytosis of plaques and therefore, fewer plaques in
the PGRN-deficient APPPSI mice.

© European Molecular Biology Organization
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We did not observe obvious differences in the amyloid plaque load in aged mice.

Results 2'5-
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Of note, previous analyses of amyloid plaque load in PGRN deficient mice revealed discrepant
results (Minami et al., Nature Medicine 2014; Pereson et al., J. Pathology, 2009; Van Kampen and
Kay, PloS one 2017; Revuelta et al., A. J. of Alzheimer’s Disease & other disorders 2008;
Hosokawa et al., Exp. Anim. 2015; Takahashi et al., Acta Neuropath. 2017). Based on our recent
publication (Parhizkar et al., Nature Neuroscience 2019), investigation of newborn plaques in
seeding experiments would be the best way to study effects of microglia on amyloid plaque load as
ageing seems to influence TREM2 dependent microglial activity. However, this is outside of the
scope of this manuscript.

3. Was the phagocytic function of Trem2-/- BV-2 cells examined? If not, please describe previous
data regarding phagocytic function in Trem2-/- mice or cells.

We have previously described the reduced phagocytic function upon TREM?2 loss-of-function
(Kleinberger et al., Science Translational Medicine 2014). We now added additional data showing
the reduced phagocytic activity of primary T rem2” microglia and TREM2-deficient N9 cells in the
new EV Fig. 1 A & B.

4. Please add labels to distinguish the 2 groups of genes in Figure 1C (homeostatic on left and
MGnD on right).

We added the labels as requested.

5. Were male or female wt mice (or both) used for uPET imaging? (It appears that only females
were imaged for the other 2 genotypes.)

Only female mice were used for all PET imaging experiments. We included the additional gender
information in the method section and in the figure legend of Fig 4 A and Fig 5.

6. Age- and amyloid-associated increased uptake of 18F GE180 in mice was first published by Liu,
B. et al., J Neuroscience 2015; 35(47):15716-15730.

We are now referring to this manuscript.
7. Please explain "powdered mouse brain" (P10, sSTREM?2 ELISA).

Snap frozen mouse brain hemispheres were homogenized by crunching the brain in liquid nitrogen
to fine powder. This is now described in more detail in the Materials and Methods section.

Was the serum and brain derived from male or female mice for this assay?

© European Molecular Biology Organization 6
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Serum and brain samples for the sSTREM2 ELISA were derived from both, female and male mice as
indicated in the new source table to Fig. 2C &D.

8. Figure 2: were the samples normalized to the loading control for immunoblotting?

In all cases protein concentrations were measured with the BCA assay and equal amounts of protein
were loaded. The “loading control” served as an additional control to verify equal protein loading.

9. Ultimately, what was the effect of overactivation of microglia in Grn-/- mice as they age? Did
they show signs of neurodegeneration (pathologically or biochemically)?

There are no obvious signs of neurodegeneration (as in many models for other neurodegenerative
diseases such as AD), however, abnormalities in lysosomal function, lipofuscin accumulation, and
TDP-43 phosphorylation were described (e.g. Kleinberger et al., J. Neurochem., 2010; Yin, F., et al.,
J. Exp. Med 2010, Ahmed, Z., et al., Am. J. Pathol. 2010, G6tzl et al., Acta Neuroptho. 2014; Go6tzl
et al., Mol. Neurodeg. 2018). In addition, reduced spine density was described (Petkau et al.,
Neurobiol. of Disease 2012).

Did they show any obvious behavioral phenotype? (I do not expect the authors to go back and
repeat this study but if they have any information regarding the impact of lifelong overactivation of
microglia, it would be of great interest.)

If the observed behavioral changes such as impaired spatial learning (Yin et al., FASEB J 2010) and
abnormalities in aggression, anxiety, sexual and social behavior (Kayasuga et al., Behav. Brain Res.
2007, Filiano et al., J. Neurosci 2013, Ghoshal et al., Neurobiol. Dis. 2012, Arrant et al., Brain
2017) are related to microglial dysfunction remains unclear, although Lui and colleagues link the
excessive grooming behaviors in aged Grn knockout mice to enhanced microglial activity associated
with increased synaptic pruning (Lui et al., Cell 2016).

2nd Editorial Decision 4 April 2019

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed report from the referee who was asked to re-assess it. As you will see the
reviewer is now supportive and I am pleased to inform you that we will be able to accept your
manuscript pending minor editorial amendments.

I look forward to seeing a revised form of your manuscript.

wFxEE Reviewer's comments *#%#%
Referee #1 (Remarks for Author):

The authors revised adequately the manuscript.

2nd Revision - authors' response 18 April 2019

Authors made the requested editorial changes.

© European Molecular Biology Organization
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Corresponding Author Name: Anja Capell and Christian Haass

Journal Submitted to: EMBO Molecular Medicine

Manuscript Number: EMM-2018-09711-V2

http://www.antibodypedia.com

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data

The data shown in figures should satisfy the following conditions:

> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

D20 2 2 2 7 X

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.org

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nlm.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov/

Please fill out these boxes W (Do not worry if you cannot see all your text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

The biochemical experiments showed only very little interexperimental variations, therefore a
common number of 3-6 experiments was performed.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

For the PET scan experiments a statistical report was done by the Institut for Medical Information
Processing Biometry and Epidemiology LMU , Munich . The animal number was calculated for a
significance of 0.05 and a power of 80%.

(e.g. blinding of the investigator)? If yes please describe.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- NA
established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. NA
randomization procedure)? If yes, please describe.

For animal studies, include a statement about randomization even if no randomization was used. NA
4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results [NA

4.b. For animal studies, include a statement about blinding even if no blinding was done

For all experiments mouse cells/tissue/serum/mRNA was used the genotype was unknown to the
experimenter

5. For every figure, are statistical tests justified as appropriate?

Yes, all figures include a statement to the statistical tests. Exact P-vaues and number of replication
are provided in the appendix.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

We assessed the distribution of the data in an histogram and the distribution was not skewed.
Therefore, parametric tests were used, except for figure 3F

Is there an estimate of variation within each group of data?

The 95% confidence intervals of all groups compared are showed in the graphs.

Is the variance similar between the groups that are being statistically compared?

The groups compared have a similar n numbers. For most of the experiments the variance or the
percentage of the variance were similar between the compared groups.

C- Reagents



D- Animal

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

See paragraphs "Cell lysis and Immunoblotting" and "sTREM2 ELISA analysis of mice plasma and
brain samples" of the Materials and Methods section for detailed discription and citation of the
used.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

The source of the BV2 cell line was reported in manuscript and the cells are frequently tested for
mycoplasma contamination, no contamination was detected at any time by PCR analysis.

* for all hyperlinks, please see the table at the top right of the document

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

Il animal experiments were performed in accordance to local animal handling laws. Housing
conditions included standard pellet food and water provided ad libitum, 12-hour light-dark cycle at
temperature of 22 °C with cage replacement once per week and regular health monitoring.
[APP\PS1 mice (Radde R et al. 2006) were generated by Jucker's group. The Grn knockout mice
\were provided by the group of Masuki Nishihara (Kayasuga et al, 2007).

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

Yes, please see the statement in Material and Methods section: Animal experiments

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

All animal experiments were performed in accordance to local animal handling laws.

E- Human Subjects

11. Identify the committee(s) approving the study protocol.

PET examinations were performed in compliance with The German Medicinal Products Act, AMG
§13.2b. Data analysis was approved by the local ethics committee (project 17-569)

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

Writen informed consent was obtained from all subjects prior to PET examination and the
experiments conformed to the principles set out in the WMA Declaration of Helsinki and the
Department of Health and Human Services Belmont Report

F- Data Accessibility

G- Dual u:

generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) ~ [NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data NA

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

The Nanostring mRNA data on the Grn knockout mice are provided as a Source data in the
appendix.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

NA




